ABSTRACT -The external morphology of sensilla on the antennae of males and females of Phyllophaga ravida Blanchard is described using scanning electron microscopy. Sexual dimorphism in body and antennal dimensions and in antennal receptor types was found. The female's body is slightly larger than the male's, although male antennal lamellae are longer than in females. Sixteen types of sensilla were identifi ed on the proximal and distal surfaces of lamellae from both sexes, most of them in males: three types of placodea sensilla, four types of auricilica sensilla, fi ve types of basiconica sensilla, and four types of coeloconica sensilla. Also, two types of mechanoreceptor sensilla were present on the lamellae periphery. Furthermore, males had larger placodea, auricilica and some types of basiconica sensilla.
kept in 10% KOH at 80ºC for 60 min, rinsed in distilled water, and placed in 70% ethanol in order to separate the lamellae, which were then dehydrated in 80%, 90%, and absolute ethanol. Lamellae were placed in xylene during 10 min for clearing, mounted in Canadian balsam and observed under a light microscope (Iroscope, Mod. MG-11J). Images from these slides and from non-cleared lamellae were obtained with a photo-microscope III (Carl Zeiss) and a Tessovar microscope (Carl Zeiss), both including a PaxCam 3 digital camera.
Specimen preparation for scanning electron microscopy studies. Lamellae from additional specimens were prepared following the methods proposed by Bozzola & Russell (1998) and were examined at 25kV under a scanning electron microscope (JEOL Mod. JSM-5600LV).
Measurements of sensilla.
Images of the three lamellae of two P. ravida females and males were from scanning electron microscopy. The different types of sensilla (except the mechanoreceptors) were measured with Image Tool 3.0. The circular-or spherical-shaped sensilla were measured from the diameter of the largest axis; sensilla with other shapes were measured from maximum length and width (pegs, cones, rods, spines, etc.). Aggregations of rods or cones located inside cuticular cavities were measured from the diameter of the largest axis cavity, and rods or cones were recorded.
Statistics. Data on body, antennae, lamellae, and sensilla dimension for P. ravida adult males and females were analyzed with Student's t or Mann-Whitney Rank Sum tests (SigmaStat 3.1). Unless otherwise stated, all values reported are mean  standard error.
Results
Body, antennae, and lamellae dimensions. Several sexrelated differences in antennae were observed. Although the body of adult P. ravida females is larger than that of males (t = -2.42; df = 38; P < 0.05), the entire male antenna is considerably longer (t = -11.67; df = 34; P < 0.001), with a signifi cantly longer antennal club (t = -11.67; df = 34; P < 0.001) ( Table 1) . Other noticeable differences are the superior length of the male pedicel (t = -6.24; df = 34; P < 0.001), fl agellum (t = -3.40; df = 34; P < 0.05), and lamellar club (t = -19.27; df = 34; P < 0.001).
Male antennal length represents approximately 19% of total body length, while female antennal length is no more than 15% of body length (Table 1) . In males, distal lamellae are longer (t = -14.53; df = 28; P < 0.001), wider (t = -4.432; df = 28; P < 0.001), and cover a larger area (t = -10.69; df = 28; P < 0.001) than in females (Table 2) . Furthermore, the male middle lamellae are longer (Mann-Whitney test; df = 28; P < 0.001), with a larger area (t = -10.58; df = 26; P < 0.001) and greater width (t = -4.41; df = 26; P < 0.001) ( Table 2) . Finally, male proximal lamella are longer (t = -11.39; df = 26; P < 0.001), with a larger area (t = -8.31; df = 26; P < 0.001) and greater width (t = -3.30; df = 26; P < 0.05) ( Table 2 ).
Sensilla dimensions.
Several sensilla types were observed on P. ravida antennae using light-and scanning electronmicroscopy (Figs 1, 2). Classifi cation and terminology of sensilla types used here are based principally on Schneider (1964) and in part on Meinecke (1975) , Zacharuk (1980) , and Ochieng et al (2002) . Basic sensilla trichodea (TRS), chaetica (CHS), placodea (PLAS), auricilica (AUS), basiconica (BAS), and coeloconica (COS) were identifi ed. TRS have a long hairlike structure that occurs along the peripheral edges (Fig 1a) . CHS present a short-bristle-or spine-like structure; they occur along the peripheral edges and some are in the lamellar center (Fig 1a) . Both types are most likely mechanoreceptors. For the purposes of the present study, we focused primarily on PLAS, AUS, BAS, and COS, which are considered chemoreceptor types. In this case, sixteen chemosensilla types were found: three types of PLAS, four of AUS, fi ve of BAS, and four of COS.
In both sexes, PLAS type I are randomly distributed on both sides of all lamellae mainly in the center, except on peripheral edges of lamellae; they are rounded and elongated plates that vary in size between 6.88 μm and 9.22 μm in diameter (Fig 2a, Table 3 ). PLAS type II are randomly distributed on both sides and at the peripheral edges of all lamellae in both male and females; they are spherical or elliptical and thin-walled plates that vary in diameter between 5.65 μm and 7.69 μm (Fig 2a, Table 3 ). PLAS type III are located on both sides of all lamellae, principally on pit, basal, and peripheral edges in both sexes; they are small, elliptical, thin-walled plates or low dome-shaped plates that vary in size between 3.04 and 3.87 μm on the largest axis (Fig 2a, Table 3 ).
AUS type I are randomly distributed on both sides and peripheral edges of all lamellae for both sexes; they are characterized by a "rabbit-ear" shape or elliptical and thinwalled plates, that varied in size between 5.92 and 7.07 μm on the largest axis (Fig 2b, Table 4 ). AUS type II are present only in male lamellae, distributed on both sides (except on the distal surface of the distal lamellae); they are "rabbitear" shaped structures, elliptical and low dome-shaped, and smaller than AUS I (size between 3.27 and 5.17 μm on the largest axis) (Fig 2b, Table 4 ). AUS type III are located only on male lamellae, randomly distributed on both sides and on peripheral edges (except on the proximal surface of distal lamellae); they are characterized by a "human-ear" shape that varies in size between 5.77 μm and 7.02 μm on the largest axis (Fig 2b, Table 4 ). AUS type IV are restricted to the center of proximal lamellae in males; their shape is characterized as "rabbit-ear with neck" or "raisin with neck" structures that vary in size between 3.92 μm and 5.57 μm on the largest axis (Fig 2c, Table 4 ). BAS type I are randomly distributed mostly on both sides of all club lamellae of both sexes (except on peripheral edges and on the distal surface of middle lamellae); they are large peg-or cone-shaped and vary in length between 5.05 μm and 7.53 μm (Fig 2d, Table 5 ). BAS type II vary in length (3.11-3.98 μm) and are short-spine shaped; for both sexes, they are situated on both sides and peripheral edges of all lamellae (Fig 2d, Table 5 ). For both sexes, BAS type III were observed randomly distributed principally on both sides of all club lamellae, except on peripheral edges; they are short-cone shaped and vary in length between 1.47 μm and 1.83 μm (Fig 2d, Table 5 ). BAS type IV are present only in females at the center of the inner surface of medium and proximal lamellae; they are serrated-cone shaped and vary in length between 3.52 μm and 5.25 μm (Fig 1b, Table 5 ). BAS type V occur only in males, mainly at the center of the proximal surface of proximal lamellae; they are long-rod shaped and vary in length between 6.59 μm and 7.50 μm (Fig 2e, Table 5 ). For both sexes, COS type I are restricted principally to the center, appearing only at the proximal surface of all club lamellae. They are found as aggregations of 2 to 16 long peg-or cone-shaped structures (BAS I) located inside depressions or cavities in the antennal cuticle, which varies in size between 8.91 and 38.83 μm on the largest axis (Fig  1c, Table 6 ). COS type II are found as aggregations of two to three serrated cone-shaped structures (BAS IV) located on the fl oor of cuticular cavities. These cavities vary in size between 11.58 and 17.54 μm on the largest axis. COS type II are restricted only to females, mostly at the center and only on the proximal surface of all club lamellae, except on distal lamellae (Fig 1d, Table 6 ). COS type III are found as rare aggregations of a long cone (BAS I) and a spherical plate (PLAS I) located inside cavities in the antennal cuticle. These cavities vary in size between 9.54 μm and 24.13 μm on the largest axis. COS III are restricted principally to the center, appearing only on the proximal surface of all club lamellae in both sexes, except on male proximal lamellae (Fig 1d, Table  6 ). COS type IV are found only in males and are restricted to the center and proximal surface of proximal lamellae. They are found as long, rod-shaped aggregations (BAS V) located inside depressions or cavities in the antennal cuticle, which varies in size between 9.28 μm and 17.34 μm on the largest axis (Fig 2f, Table 6 ).
Discussion
Antennal specializations for detecting pheromones are usually visible at a fi rst glance, as marked sexual dimorphism Table 3 Measurements of sensilla type placodea on lamellae of both sexes of Phyllophaga ravida. PLAS = placodea sensilla; DL = distal lamellae; ML = medium lamellae; PL = proximal lamellae; P = proximal surface; D = distal surface
Values are mean ± standard error of the mean; n = 20; Student of antennal size and shape is often observed in species that use sex pheromones (Steinbrecht 1987) . This is evident in the antennae of several melolontid species, in which males have longer antennae than females (Morón 1986 , Kim & Leal 2000 , Tanaka et al 2006 . As in P. obsoleta (Romero-López et al 2004) , the antenna is sexually dimorphic in P. ravida: males have longer pedicel, fl agellum, lamellar club segments, and the entire antenna. Furthermore, sexual differences in antennal length are mostly evident in the lamellar club, which is the most important sensorial zone for pheromone and allelochemical perception for these insects (Romero-López et al 2004) . Because P. ravida males have longer antennae, longer and wider lamellae, and greater antennal area, males can be regarded as the receptors in the sexual chemical communication in this species. Previous studies with P. obsoleta provided morphological and biological evidence that females display a calling behavior during which they expose the protractile genital chamber from the abdominal tip and release chemical compounds that are attractive to males (Romero-López et al 2005 , 2009 ). In several melolontid species, this sexual dimorphism is not evident at the sensilla level, since males and females have identical sensilla types. For example, both sexes of P. anxia and P. obsoleta have fi ve sensilla types (Ochieng et al 2002 , Romero-López et al 2004 . In other genera, there are cases in which a particular sex has two or three identical PLAS types, as in Phyllopherta horticola L. (Agren 1985) , Adoryphorus couloni Burmeister (McQuillan & Semmens 1990) , Anomala cuprea Hope (Leal & Mochizuki 1993) , Phyllopherta diversa Waterhouse , and Dasylepida ishigakiensis Niijima & Kinoshita (Tanaka et al 2006) . Results obtained for P. ravida are similar, although Table 4 Measurements of sensilla type auricilica on lamellae of both sexes of Phyllophaga ravida. AUR = auricilica sensilla; DL = distal lamellae; ML = medium lamellae; PL = proximal lamellae; P = proximal surface; D = distal surface
Values are mean ± standard error of the mean; Student t-test; some differences among sexes were observed. In fact, only males show AUS type II, III, and IV, BAS type V and COS type IV, while only females show BAS type IV and COS type II. This sexual dimorphism at sensillar type level is the fi rst record for a melolontid and is less common for other beetles. There is a similar report for Trogossita japonica Reitter, a carnivorous beetle, in which only females show a sensilla-type stylochonica and some sensilla-type basiconica (Rani & Nakamuta 2001) . This morphological study of P. ravida receptors is the fi rst for melolontids with several different types of antennal sensilla. In similar studies, antennal lamellae of other species have a maximum of six sensilla types (Ochieng et al 2002 , Romero-López et al 2004 , Tanaka et al 2006 . For Coleoptera Table 5 Measurements (μm) of sensilla type basiconica on lamellae of both sexes of Phyllophaga ravida. 
Se
Se = sensilla; La = lamellae; Su = surface; BAS = basiconic sensilla; DL = distal lamellae; ML = medium lamellae; PL = proximal lamellae; P = proximal surface; D = distal surface
Values are mean ± standard error of the mean; Student t-test; 1 = Mann-Whitney Rank Sum test; 0.05 = P < 0.05; 0.001 = P < 0.001. in general, only thirteen types of sensilla are reported in three different Carabidae species (Ploomi et al 2003) . Previous records for others species use terminology and classifi cation based largely on Meinecke (1975) and Schneider (1964) ; these papers report the main sensilla types as placodea, basiconica, and coeloconica (Leal & Mochizuki 1993 , Kim & Leal 2000 , Baker & Monroe 2005 , including the auricilic type (Ochieng et al 2002 , Romero-López et al 2004 . Some also use different nomenclatures: sensilla types I to VI for one species (Tanaka et al 2006) and placoid, basiconical, or trichoid sensilla types A, F, G, H, J, K, L for several species of Hoplia, Isonychus, Pelidnota, Callirhinus, Cotinis, Euphoria, Tomarus, and Aegidium (Carrillo-Ruiz & Morón 2008) .
According to several authors (Schneider 1964 , Leal & Mochizuki 1993 , Ochieng et al 2002 , Romero-López et al 2004 , TRS and CHS of P. ravida are mechanoreceptors, whereas the other basic types (BAS, COS, and PLAS) are chemoreceptors. Generally, PLAS, BAS and COS are considered the main sensilla involved in chemoreception. PLAS are the most common chemosensilla on male lamellae of melolontids and were reported to be involved in the chemical perception of sex pheromones (Leal & Mochizuki 1993 , Romero-López et al 2004 . Although AUS are traditionally classifi ed as a special type of PLAS , Tanaka et al 2006 , they have been recently considered a separate type of sensillum and their participation in the perception of sex attractants is suggested (Ochieng et al 2002 , Romero-López et al 2004 .
Part of the results obtained in P. ravida clearly shows a sexual dimorphism in AUS, with three or four types being observed only in males. Almost all lamellae in males of P. ravida show three PLAS types and AUS type I, which all have a larger diameter in males than in females (Table 4) . This coincides with other reports for melolontids, as Cotinis nitida L. and D. ishigakiensis, in which PLAS types are larger in males than in females (Baker & Monroe 2005 , Tanaka et al 2006 . For BAS, the size differences are less marked (type II and III principally), and COS in both sexes are of similar dimensions (Tables 5, 6 ). This represents an evident sexual dimorphism relating to sensilla morphology in P. ravida, mainly in PLAS and AUS.
In conclusion, the presence of a large array of differentshaped receptors on the antennal lamellae of P. ravida shows a marked sexual dimorphism and suggests a well-developed capability for chemical recognition in this species. The size of lamellae and sensory organs appears consistent with the species' sexual chemical communication, since males have the structures (PLAS and AUS) with the greatest contact surface to receive the sex pheromone released by females. Nevertheless, these data should be complemented with transmission electronic microscopy and traditional electrophysiological assays to elucidate the specifi c role of PLAS and AUS types. Likewise, the criteria for sensilla classifi cation in melolontids must be unifi ed in order to further elucidate the sexual chemical communication and phylogeny of the group.
